This study investigates the impact of securitization on risk behavior and banking stability. Based on a sample of 174 US commercial banks from 2001 to 2008, we find that a greater recourse to securitization is associated with a deterioration in the quality of American banks' loan portfolios and an increase of the credit risk in their balance sheets. In the other hand, we observe a positive and significant impact of securitization on banking stability. We think that this paradox is due to the fact that different classes of securitized assets lead to heterogeneous effects on American banks' stabilities. Particularly, our results show that mortgage securitization has a positive and significant impact on banking stability, providing thus a support to the implicit recourse hypothesis. Inversely, non mortgage securitization has a negative effect on banking stability because of the reduction of banks' monitoring incentives related to this particular form of securitization.
Introduction
Credit risk transfer markets and particularly securitization markets have experienced a remarkable growth in recent years. According to the data from the Securities Industry and Financial Market Association (SIFMA), the global amount of securitization outstanding has increased from 5731.625 millions of dollars in the year 2001 to 13997.294 millions of dollars in the year 2008. This growth can be attributed to the diversification benefits related to securitization transactions. Intuitively, we can think that banks, by transferring their credit risk through securitization, reduce the volume of credit risk in their balance sheets.
This reasoning refers however, to a static view of risk and ignores that banks may be encouraged to increase their risk taking as a result of the increased possibilities of liquidity and risk sharing through securitization. This leads thus, to the following paradox: The credit risk can increase after a securitization transaction. To explain this idea, Gorton and Pennacchi (1995) mention the reduction of banks' monitoring incentives once their loans have been sold. Santomero and Trester (1998) emphasize the effects of the liquidity improvements that loan sales techniques provide on bank's risk taking decisions. Besides, Instejford (2005) and Wagner (2007) establish that techniques of credit risk transfer reduce the amount of risk in banks' balance sheets giving the new possibilities of diversification and risk transfer out of the banking sector. This risk reduction can however, encourage an excessive risk taking from banks by reducing their efforts of selection and monitoring.
The aim of this study is to contribute to the existing literature by analyzing the relationship between securitization and risk taking in a sample of 174 American commercial banks during the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . We consider two alternative measures of risk: the ratio of risk weighted assets per total assets and the Z score which combines capital, profitability and return volatility measures. In addition, we consider different classes of assets and examine whether different types of securitized assets lead to heterogeneous effects on banking stability.
The paper proceeds as follows. In the following section, we relate the paper to the existing literature. Section 3 specifies our research methodology. Section 4 presents a discussion of our results. The final section concludes.
Review of Previous Studies
Studies on the effects of securitization on bank's risk behavior have reached ambiguous conclusions. Specifically, we can distinguish between two views: on one hand, those in favor of a negative association between securitization and credit risk and on the other hand, those in favor of a positive association.
According to the first view, many authors such Pavel and Phillis (1987) , Pennacchi (1988) and Gorton and Pennacchi (1995) argue in favor of the risk reduction and loan growth that loans sales secondary markets can provide. Indeed, by separating the origination and financing operations, loan sales help banks to reduce their credit risks, increase their lending capacities and continue to finance profitable projects when funding costs are increasing. Demzets (2000) emphasizes the diversification advantages related to loan sales markets. Also, Jiangli and Pritsker (2008) find that the securitization of mortgage loans affects negatively the insolvability risk of American bank holdings. Similarly, Casu et al. (2010) find evidence supporting the stability effect of mortgage securitization in USA.
Regarding the second view, many researchers have warning against the reverse effects that the recourse to securitization markets can lead to, both on individual and aggregated levels. Among others, Dionne and Harchaoui (2003) using a simultaneous model derived from those of Shrieves and Dahl (1992) and Aggarwal and Jacques (2001) , find a positive association between securitization and bank risk in Canada.
Krahnen and Wilde (2006) applied a Capital Asset Pricing model (CAPM) to determine reactions of European banks' stock returns following the announcement of a securitization transaction and then deduced changes in their systematic risks. Specifically, their results show that the announcement of securitization have a remarkable effect on systematic risk of European banks which seem to engage in more risky activities following a securitization event. Baur and Joossens (2006) find also evidence that securitization, by transferring risks to other market participants, reduces banks' capital requirements and leads to an increase of the systemic risk especially when correlations between market participants increase. Two cases could explain this result: -When risks are transferred to other banks, interbank linkages increase and therefore augment systemic risks.
When risks are transferred to other unregulated participants, capital level in the economy become insufficient to cover risk. So, banking stability decreases.
The hypothesis of a destabilizing effect of securitization was also, supported by Michalac and Uhde (2009) in the European context. Especially, their results suggest that securitization is utilized by European banks as a source of capital relief and additional funding and that both direct and indirect effect may provoke a decrease in their financial stabilities.
Similarly, Uhde and Michalac (2010) applying the event study methodology of Krahnen and Wilde (2006) , report a positive effect of securitization on systematic risks of European banks. This association seems however, depending on the amount of bank's systematic risk before a securitization event and on its strategy after securitization. In fact, if the bank reinvests its capital into risky assets, the systematic risk after the securitization event must increase and vice versa.
Methodology

Sample
Our empirical study focused on a sample of 174 American commercial banks having made at least one securitization transaction during the period from June 2001 until December 2008. This choice is conducted by the availability of securitization data. In fact, since June 2001, American banks have been required to provide detailed information on their securitization activities in their balance sheets. Giving that, we collect accounting and securitization data from the « Federal Deposit Insurance Corporation (FDIC) » database. For macro-economic data, we extract them from the World Bank database.
Definition and Measurement of the Variables
To explain bank risk taking behavior, we consider four types of variables: variables reflecting the securitization activity of the banks, bank specific variables related to the financial characteristics of the banks, macro-economic variables reflecting the economic environment of the banks as well as control variables. Notes on variables are presented in table 1.
Insert Table 1 Here   Table 2 reports descriptive statistics for the entire set of included variables. We employ two measures for credit risk: the ratio of risk weighted assets to total assets (RWATA) and the Z score. The first one captures the allocation of assets between different categories of risks. The second measure proposed by Roy (1952) and used by Goyeau and Tarazi (1992) , Boyd et al. (2006) , Laeven and Levine (2006) Berger and Udell (1993) , Dionne and Harchaoui (2003) and Casu et al. (2010) , we approximate the securitization activity (TSECTA) using the ratio of the total securitized assets to total assets. Also, we distinguish between two classes of securitized assets and calculate: the ratio of mortgage securitized assets to total assets (MBSTA) and the ratio of non mortgage securitized assets to total assets (OSECTA).
Insert
Previous studies have not found any conclusive results about the relationship between securitization and bank credit risk. As explained by Gorton and Pennacchi (1995) and Wagner (2007) , securitization allows on one hand, banks to reduce their credit risks by transferring them out of their balance sheets. On the other hand, it encourages banks to increase their risk taking by investing in more risky assets. Therefore, we can anticipate a positive or a negative coefficient on this variable.
Bank Specific Variables
Capital
We measure bank capital using the total capital (TCAP) and the capital per total assets (CAPTA) ratios. The first one measured by the ratio of equity capital to risk weighted assets, captures the level of bank's capital related to its risks. The second ratio measures however, the absolute level of bank's capital.
According to the literature, there isn't a consensus regarding the effects of capital on bank risk taking behavior. For example, Koehn and Santomero (1980) and Kim and Santomero (1988) find that banks with high capital ratios compared to regulatory standards can increase their risk taking by investing in more risky activities. However, Rochet (1992) shows that banks can behave with aversion towards risk after an increase of their capital levels. Therefore, we can anticipate a positive or a negative effect of this variable on bank risk.
Liquidity
We measure bank liquidity by the ratio of liquid assets to total assets (LIQATA) used by Kashyap and Stein (2000) , Goderis et al. (2007) and Loutskina (2011) . Traditionally, a reduction of liquidity forces banks to restrain their loan supply and reduce their risk taking. The development of securitization has however, provided banks (notably the less liquid ones) with new alternative funds making thus, the relationship between liquidity and bank risk very ambiguous.
Performance
We employ return on equity (ROE) as a proxy of bank performance. Following the argument that poor performing banks might increase their risk taking to re-establish their profitability levels, we can expect a negative coefficient on this variable.
Size
We approximate size variable by the natural logarithm of total assets (LOGTA). Particularly, one could argue that large banks have better diversification opportunities than small banks. Following this argument, we expect a negative correlation between size and credit risk. (2007) showed that banks become more risky as their markets become more concentrated. Therefore, we can expect an ambiguous effect for the HHI variable.
Real Interest Rate
We introduced interest rate (RINT) to take into account the effect of interest rates on bank risk taking behavior. Empirically, the literature suggests that increasing interest rates make loan repayment more difficult for borrowers which may result in high loan default rates and decreasing asset quality for the bank. Following this argument, we can expect a negative coefficient on this variable.
Inflation
We further introduced the level of inflation deflated by the GDP (INF). According to Hortlund (2005) , its effect depends on the net effect of interest margin and financing costs which tend in general, to increase during inflation periods. Therefore, we can expect an ambiguous effect of the INF variable on bank risk. 
Model
To analyze the effect of securitization on credit risk of American commercial banks and verify the validity of our hypothesis, we will use the specification of a linear model which relates credit risk to a set of independent variables among them the securitization. Mathematically, our theoretical model can be written as follows:
Where, RWATA: Bank credit risk measured by the ratio of risk weighted assets to total assets. TSECTA: Ratio of total securitized assets to total assets. X: Vector of the independent variables representing bank specific and macro-economic specificities of bank i for the quarter t.
A , B j et C: Parameters to be estimated. μ: Error term.
Alternatively, we will consider another proxy of credit risk: the Z score. For this variable, we will also, test for different types of underlined assets, the effects of securitization on bank stability. The basic regression can be written as follows:
Where, Z score: Bank stability.
TSECTA: Ratio of total securitized assets to total assets. Also, we will consider the ratio of mortgage securitized assets to total assets (MBSTA) and the ratio of non mortgage securitized assets to total assets (OSECTA).
X ' : Vector of the independent variables representing bank specific and macro-economic specificities of bank i for the quarter t. The estimation of these models is realized by the Generalized Least Squared method. This choice is justified by the results of the specification tests carried out via the STATA software.
Results and Interpretations
In this section, we will continue with an analysis of the multicollinearity and the specification tests, and a discussion of the results of our estimations.
Multicollinearity Matrix
By examining Pearson correlation matrix, we observe that some variables_ RWATA and TCAP, TSECTA and MBSTA and HHI and RINT are strongly correlated (with a correlation coefficient higher than the critical value of 0.7). This indicates according to Kervin (1992) , the existence of multicollinearity among them. Thus, these variables must not be included simultaneously in the same model. Also, we observe that the other independent variables are weakly correlated, allowing to exclude the possibility of an overlap of their significance in a multivariate model.
Insert Table 3 Here
Specification Tests
We chose to estimate two specifications of the model I. In the first one, we introduced securitization and bank specific variables. In the second, we added variables related to macro-economic conditions such as concentration and inflation as well as control variable. Concerning the model II, we also, consider two specifications depending on whether we take into account the inflation rates effects on bank stability or not.
The table 4 reports the results of the specification tests.
Insert Table 4 Here
For each model, we firstly, tested the presence of individual effects. Based on the Fischer test, we show the presence of specific individual effects, which justifies the recourse to panel data. Then, we turned to determine the nature of these specific effects via the Hausman test (1978) . This test clearly accepts the panel estimation with fixed specific effects against the random effects specification (p-value = 0.000).
Finally, we moved to detect the existence of heteroscedasticity and autocorrelation problems. In particular, the tests of Breuch and Pagan and wald modified show that we cannot accept the nul hypothesis of homoscedasticity for the different models (p-value = 0.000). Regarding autocorrelation, the Wooldridge test reveals that we have to reject the nul hypothesis of the absence of autocorrelation (p-value = 0.000). In other words, we support the presence of an autocorrelation problem of order 1 between errors.
Estimation results
Impact of Securitization On Bank's Credit Risk
Estimation results corrected from heteroscedasticity and autocorrelation problems are reported in table 5.
Insert Table 5 Here
The measurement of the total significance of the model was carried out by several criteria among which the value of wald chi2 and R 2 . Table 5 shows that the wald chi2 test has a value of (4466.80) in model I.1 and (4544.12) in model I.2, which are significant to 1% level. Also, R 2 within which gives an idea on the variability share of the credit risk variable explained by the other independent variables is respectively (0.3248) and (0.4035). This shows a mean quality of adjustment between banks. In the other hand, it justifies the addition of the variables related to macro-economic conditions to improve the robustness of the model. According to our hypothesis, we report a positive and significant impact of TSECTA on bank's credit risk. In other words, a greater recourse to securitization is associated with a deterioration in the quality of American banks' loan portfolios and an increase of the credit risk in their balance sheets. Especially, our results suggest that an increase of the volume of securitized assets per total assets by 100% leads to an increase of the volume of risk weighted assets per total assets by 3.9% (6.6% when referring to the model I.2), all things being equal.
These results allow us to support a reversal effect of securitization in the management of credit risk. In fact, American banks that are very active in this market seem to reduce their risk aversion by holding more risky assets. We join thus, the results of Dionne and Harchaoui (2003) for the Canadian banks. Jiangli and Pritsker (2008) and Casu et al. (2010) have in contrast, supported a stabilizing effect of securitization techniques in the American banking system.
-If securitization is made without recourse, a positive association will be justified either by the reduction of the borrowers' selection efforts from banks as described by Gorton and Pennacchi (1995) or the reduction of their monitoring incentives as suggested by Gorton and Pennacchi (1995) , Morisson (2003) and Wagner and Marsh (2006) .
-If securitization is made with recourse, selection and monitoring motivations of banks were thus maintained. So, an increase of credit risk can be explained following Dionne and Harchaoui (2003) , by the securitization by American banks of their safe assets; retaining thus, in their balance sheets the riskiest ones.
Credit risk seems also to be affected by the regulatory capital level. In fact, our results show a negative and very significant relationship between TCAP and RWATA.
Similarly, liquidity has a negative and significant effect on credit risk. In average, less liquid banks have taken more risks during the period 2001-2008. When relating this result to our context, this negative association between the holding of liquidity and bank risk taking can be explained in accordance to Loutskina (2011) , by the role of securitization as an alternative funding source. Obviously, the availability of liquidity through securitization provides banks (e.g. the less liquid ones) with alternative funds, which lead them to involve in more risky assets.
Paradoxically, the effect of ROE is positive and very significant. In other words, the most profitable banks are also the most risky.
The coefficient related to LOGTA is also, positive and significant. The portfolio composition seems to turn to more risky branches when bank size increases. This contradicts the hypothesis of diversification advantages of large banks as advanced by Demsetz and Strahan (1997) . It can however, be explained according to Petey (2004) by the specialization of the American largest banks in some branches of the lending market.
With regard to macro-economic conditions, the one period lagged HHI variable shows, conforming to our hypothesis, a positive and significant coefficient. This means that banks become more risky as their markets become more concentrated. (2007) argue that market concentration leads banks to charge high interest rates on their loans, which can increase borrowers' default risk and in consequence, the number of non performing loans in the banks' portfolios.
Also, INF shows a positive and significant impact on credit risk. For example, an increase of inflation rates by 100 base points is associated with an increase of credit risk by 0.271 %, all things being equal. This finding can be explained as follows: As interest rates tend to increase in inflation periods, this encourages banks to engage in risky portfolios in order to profit from the new investment opportunities. At the same time, an increase in interest rates makes loan repayment more difficult for borrowers leading thus, to a deterioration in the quality of banks' loan portfolios and an increase in credit risk in their balance sheets.
Finally, we observe that the coefficient of the Dummy variable is positive which indicates that the credit risk of American banks has increased during the subprime period.
Impact of Securitization on Banking Stability
Total Volume of Securitization and Banking Stability
We turn now, to analyze the effect of securitization on American banking stability. The results of the different estimations are summarized in table 6.
Insert Table 6 Here As we can notice, the two models produce similar results. We proceed then, to choose between these models based on the information criteria of Akaike (AIC) and Schwartz (BIC). By definition, the most adequate model is the one that minimizes these two information criteria. The table 7 shows that the model II.2 is the most appropriate one.
Insert Table 7 Here Thus, we will focus our interpretations on the results issued from the model II.2. In particular, we can observe that the effect of RWATA is negative. This means that bank's stability decreases when its portfolio becomes more risky.
Based on this result, we can expect that the securitization, by increasing the volume of risky assets on bank's balance sheet reduces its stability level. Surprisingly, our results show that the effect of the one period lagged TSECTA is significantly positive supporting thus, a stabilizing effect of securitization for American commercial banks. This seems to be in contradiction with our prior conclusions obtained from the first measure of credit risk (RWATA). We think that this paradox is related to the fact that different classes of securitized assets lead to heterogeneous effects on banking stability.
The coefficient of CAPTA is significantly positive. This means that American overcapitalized banks appear in average, more stable. This result corroborates our first affirmations and justifies thus, the reinforcement of capital requirements efforts made by regulatory authorities to support banking stability.
ROE variable shows also, a positive and significant impact on Z score suggesting thus, a great stability of the most profitable American banks.
However, LIQATA variable reports a negative effect on Z score. This means that less liquid banks are less prone to insolvability problems. This can be explained by the new funding possibilities that less liquid banks can obtain through securitization. In fact, the recourse to these markets provides banks with additional funding sources that help them to fulfill their funding needs, to take more easily new profitable investment opportunities and to increase their stability levels.
The coefficient related to LOGTA appears also, negative and significant. This indicates that large banks are in average less stable than small banks. As explained before, the specialization of large banks on some credit market branches and the resulted risk concentration lead to a destabilizing effect on American banks.
The effect of the one period lagged RINT variable is significantly positive. This can be attributed to the fact that an increase in real interest rates increases bank profit margins and improves thus, their stability levels.
Nature of the Underlying Assets and Banking Stability
In order to best understand interactions between securitization and banking stability, we chose to push more our analysis by considering different classes of securitized assets (e.g. securitization of mortgage assets Vs securitization of non mortgage assets). The results of our estimations are reported in table 8.
Insert Table 8 Here As predicted, different forms of securitization seem to have heterogeneously effects on American banks' stabilities: whereas mortgage securitization (MBSTA) reinforces banking stability, securitization of non mortgage loans (OTSECTA) leads on the contrary, to reversal effects.
Focused firstly on mortgage securitization, our empirical results confirm the advantages of this type of securitization on banking stability. This can be explained following Casu et al. (2010) , by the implicit recourse provided in mortgage securitization transaction. In fact, for this type of securitization the risk is not totally transferred to investors but maintained by the securitizer bank in its off-balance sheet engagements. This risk retention characterizing mortgage securitization transactions provides thus, a mean to maintain banks' incentives to monitor their borrowers and avoid in consequence, the reversal effects that securitization can have on banking stability.
Paradoxically, non mortgage securitization appears more risky. In fact, our results indicate that American commercial banks that are most involved in non mortgage securitization markets are less stable than less involved ones. For illustration, an increase in the volume of non mortgage securitized assets per total assets by 1% is associated with a decrease in banking stability by 6.8% (7% when we refer to the results of the model II.5). We join thus, the conclusions of Krahnen and Wilde (2006), Baur and Joossens (2006) , Michilak and Uhde (2009) and Uhde and Michilak (2010) having also, reported an increase in systematic risk of European banks after a securitization transaction. Therefore, we conclude that the net effect of securitization on bank stability will depend on the structure of the securitized portfolio and the credit support provided by the bank.
Conclusion
The object of this study was to investigate the effects of securitization on the credit-risk taking behavior of banks. Based on a sample of 174 US commercial banks during the period 2001-2008, we report an increase of the credit risk of American banks when they securitize their loans. This doesn't however, mean that these banks become less stable. In fact, our results suggest, contrary to what one could pretend, a positive and significant impact of securitization on banking stability.
We attribute this paradox to the fact that different classes of securitized assets lead to heterogeneous effects on American banks' risk. Indeed, our results show that mortgage securitization has a positive and significant impact on banking stability, providing thus a support to the implicit recourse hypothesis. Inversely, non mortgage securitization has a negative effect on banking stability because of the reduction of banks' monitoring incentives related to this particular form of securitization. Therefore, the net effect of securitization on bank stability will depend on the structure of the securitized portfolio and the credit support provided by the bank. Were reported in this table, the coefficients of the linear estimation and the standard errors related to each included variable. ***, **, * represent the significance at 1%, 5% and 10% levels respectively.
Variables Definition: Z score: sum of average return on assets and capital ratio per return volatility, RWATA : risk weighted assets per total assets, MBSTA : mortgage securitized assets per total assets, OSECTA : non mortgage securitized assets per total assets, CAPTA : equity capital per total assets, LIQATA : liquid assets per total assets, ROE : return on equity, LOGTA : logarithm of total assets, RINT : real interest rate, INF : inflation.
